AbSTRACT
Introduction
Artificial porto-systemic shunts can be created by various techniques and localizations in case of underlying portal hypertension when other therapeutical ways are not effective [1] [2] [3] [4] [5] , but these shunts may act as supportive tools in other surgical procedures (liver transplantation, small-for-size grafting) 6, 7 . So these shunts still have important clinical relevance. While creating such artificial anastomoses, the surgical safety is an important aspects: patency, geometry and long-term effectiveness of these shunts have proved to be significant 8, 9 .
For analyzing the complex functional and morphological changes, numerous portacaval shunt models have been developed in rats, rabbits, dogs, pigs or even using simulation models [10] [11] [12] [13] [14] [15] [16] [17] .
Lee has made the first microsurgical portacaval shunt in the rat 10 .
It was an end-to-side anastomosis model, which had been widely applied in variety of research models. Besides further refined models 3, 15 , side-to-side variation 1, 3, 11 and interpositioned H-graft methods are still used today. In case of selective portacaval shunt, one of the main branches of the portal venous system is connected directly into the inferior caval vein or drained into the left renal vein. The distal splenorenal shunt 4, 12, 14, 19 is one of the example of such selective shunts. Based on the anatomical possibilities further selective portacaval shunts were created, such as the mesocaval localization 8, 11, 12, 15, [19] [20] [21] .
In this study we describe a refined microsurgical model of a selective portacaval shunt model in the rat, where only the rostral mesenteric vein is utilized and the portal and lienal vein are left intact. Since portacaval shunt causes hemodynamic alterations (pressure-gradient differences, hepatic and splanchnic flow dynamic changes, selective redistribution of cardiac output) 3, 18, 20, [22] [23] [24] [25] , we also aimed to observe the microcirculatory changes of the affected organs (liver, small intestine and right kidney) intraoperatively. Interestingly there is a lack of data in the literature about intraoperative microcirculatory changes in the organs that are affected by hypoperfusion or ischemia during creating of portacaval shunt.
Methods

Experimental animals and operative techniques
The experiments were approved and registered by After median laparotomy and anteposition of the intestines, careful dissection of the portal vein (PV) and its tributaries were prepared. 26 The Firstly, the posterior wall of the anastomosis was continuously sutured, while on the anterior wall simple interrupted sutures (6-7 stitches) were used with 10/0 polyamide monofilament suture material. After releasing the clips, the shunt patency was checked.
The intestines then were re-positioned and after completing the intraoperative microcirculatory measurements, the abdominal wall was closed in two layers.
Morphometric analyses of the shunts
The vessel geometry parameters were determined off- 
Results
Technical experiences and morphometric data
The created mesocaval end-to-side venous anastomosis was functioning well; there were no bleeding at the site of the anastomosis. Its patency was maintained and no stenosis was observed. The operation time was 48.75 ± 11.26 min. The longest phase was the preparation and positioning of the vessels to be, providing situation without tearing, stretching or rupturing the intima. During the procedure (when clips were being applied) the changing of organs' color was well observable. The small intestine showed venous congestion and the liver became paler.
The presented geometry of the shunt occurred due to the anatomical localization of the given vessels, since there was a persisted risk of the rMV to tear at various angulation positioning.
In order to minimalize such intraoperative complication, the anastomosis could be created tension-free and at the angulation of 77.13 ± 5.84°.
The outer diameter of the rMV as well as the CCV dilated just above or below the shunt compared to the normal situation (state before applying the clips) ( 
Intraoperative microcirculatory investigations
The changes of blood flux unit (BFU) are shown on further development of the surgical protocols. Lee et al. 10 and
Numata et al. 13 were the pioneers to describe portacaval shunt models in small laboratory animals, and observe changes in the presence of these anastomoses. Additionally, laboratory rats proved to be excellent models to study liver cirrhosis 11 , as well as hepatic encephalopathy [31] [32] [33] . In those experiments the liver atrophy and regeneration 34 , microvascular structural changes 35 , as well as remote effects were studied. However, most of these shunts were non-selective types.
Numerous experiments focused on the comparison of the characteristics of the differently localized shunts 3, 14, 20 . In their study, Drapanas et al. 20 The mesocaval shunt is also a competent model to study hepatic encephalopathy and portal vein thrombosis. Several studies used portacaval shunts instead of pharmaceutical induction of encephalopathy to observe the neurological changes 31, 36 . 23 studied the hemodynamic differences between total and selective portacaval shunts. They found that selective shunting (mesocaval H-graft) preserved liver blood flow to a greater extent than total portacaval shunting, while they had less marked effect on the wedge hepatic pressure.
Since the presence of any kind of portacaval shunts cause complex changes in the hemodynamic and the blood flow rate of the organs 16, 17, 22, 37, 38 , it was also supposed, that the microcirculatory parameters may show early alterations even shortly after the can be originated from endothelial swelling, bleb formation, vasospasm, interstitial edema, plugged leukocytes and platelets, and also with marked micro-rheological alterations (decreased deformability and enhanced aggregation of the erythrocytes) [41] [42] [43] .
Concerning the follow-up of morphological and functional changes of artificial shunts, in a previous work we demonstrated significant hemodynamic and notable microrheological (red blood cell deformability and aggregation) alterations in case of artificial sapheno-saphenous arterio-venous shunt model in the rat 44 . In a recent study, we found aorto-portacaval differences in the certain hemorheological parameters (red blood cell aggregation, erythrocyte elongation index, osmotic gradient ektacytometry parameters) 45 . By the alterations of hemodynamic factors influencing blood flow, the hemorheological properties play an important role in the microcirculatory regulation 41 .
Therefore, to understand the proper hemodynamic profile of these shunts and the microcirculatory pattern, further hemorheological examinations are planned.
Conclusions
In this model a selective portacaval shunt was achieved by anastomosing the rostral mesenteric vein into the caudal caval vein with a modified microsurgical technique in laboratory rat, where the shunts were well feasible and stable geometry was formed.
The intraoperative laser Doppler measurements provided useful information for the elaboration of a more secure surgical technique with the assessment of microcirculatory changes on the areas exposed to hypoperfusion and/or ischemia-reperfusion.
